Indigenous knowledge: Relevant knowledge?
Indigenous knowledge has been receiving a lot of attention since the early 1990s in the field of disaster management and in issues associated with climate change (Hiwasaki et al. 2014) . Disaster risk reduction policies of developing countries had been known to be carried out, using scientific knowledge, while ignoring the value of indigenous knowledge Rist & Dahdouh-Guebas 2006) . Indigenous knowledge is usually underappreciated as it is viewed in some quarters as inferior to scientific knowledge (Mercer et al. 2010) . However, there have been calls for increased utilisation of knowledge of the local people -knowledge which has been used for generations to mitigate hazards and reduce disasters in local communities UNISDR 2005) .
The importance of indigenous knowledge in the field of disaster management has continued to grow (Mercer et al. 2010) . Its potential for improving disaster risk reduction policies has been discussed on various platforms, such as the management of disasters in the Asia-Pacific region, with reference to the Hyogo Framework for Action -Priority 3 (Shaw, Noralene & Baumwoll 2008a) . Literature on the value of indigenous knowledge (Hilhorst et al. 2015) in disaster risk reduction highlights important points. One point, for instance, is the role indigenous knowledge plays in empowering local community members to take front roles in activities aimed at disaster risk reduction such as mixed cropping which sustains soil and leads to yield of various crops -this ensures alternative crops are available for consumption if some other crops fail (Mwaura 2008) . Such activity makes local disaster management champions in their own right. It has also been argued that ways through which this knowledge is spread in communities could act as a model in education on issues of disaster risk reduction (Shaw et al. 2008a) . In Africa, indigenous knowledge has been used in traditional medicine, agriculture and food production, engineering and ecological management for natural resources (Domfeh 2007) . Indigenous knowledge has made local communities live in harmony with their environment for long periods of time -this has improved knowledge about their environment, knowledge which is acquired through the practice of coping mechanisms, methods of conservation, studying the weather and seasons prediction (Mwaura 2008) . Local communities in African countries are faced with various types of hazards and to tackle such hazards, the local communities use local, community-based strategies obtained from their indigenous knowledge (Nyong, Adesina & Osman Elasha 2007) .
Indigenous knowledge is valuable knowledge that has helped local communities all over the world survive for generations. This knowledge originates from the interaction between members of the community and the environment in which they live. Although much has been written about indigenous knowledge, its documentation in the area of disaster risk reduction and climate change in Africa has been very limited. The wealth of this knowledge has not been well-recognised in the disaster risk reduction field, as policy-makers still rely on mitigation strategies based on scientific knowledge. Colonialism and lack of proper documentation of indigenous knowledge are some of the contributing factors to this. Ignoring the importance of understanding adaptive strategies of the local people has led to failed projects. Understanding how local people in Africa have managed to survive and adapt for generations, before the arrival of Western education, may be the key to developing sustainable policies to mitigate future challenges. Literature used in this article, obtained from the books, papers and publications of various experts in the fields of disaster risk reduction, climate change, indigenous knowledge and adaptation, highlight the need for more interest to be shown in indigenous knowledge, especially in the developing country context. This would lead to better strategies which originate from the community level but would aim for overall sustainable development in Africa.
Indigenous knowledge
Indigenous knowledge has been passed down generations, gained from knowledge of the environment which is revealed through intuitions, dreams or visions (Agrawal 1995) . In various contexts, it may be presented as local knowledge or traditional knowledge, all coming to mean the same thing (Kelman, Mercer & Gaillard 2012) . It has been argued that indigenous knowledge is very important in planning for community development (Mutasa 2015) and that developmental strategies cannot be completely successful without the implementation of local knowledge (Nyong et al. 2007) . Indigenous knowledge provides communities with ideas for tackling local problems and helps in their developmental processes. The knowledge sustains the local communities while strengthening their cultural identity (Jabulani 2007) . Indigenous knowledge forms the basis for local communities coping strategies that have helped them survive over a long period of time. This knowledge has been harnessed from the interaction of indigenous people with their natural environment. It provides valuable information with regards to the local environment and can be adapted for use in tackling hazards in other local communities. Local empowerment is attained through the use of indigenous knowledge in local communities, empowerment which leads to improved community participation and educating individuals on disaster risk reduction (Shaw et al. 2008b ). Indigenous knowledge is unique to a particular community and is stable for such a community as it has been used over a long period of time -sometimes evolving through generations (Dekens 2007) .
Indigenous knowledge in agriculture
Local cultivation of crops and rearing of livestock in Africa are largely dependent on indigenous knowledge of local people. This indigenous knowledge enhances food security through methods that pose low risks to the environment. For instance, before the popularity of industrial insecticides, plant derivatives were used by local people for insect control in crop production (Domfeh 2007) . Plant derivatives are biodegradable and many cause no harm to mammals. Some of these derivatives such as oil and ash from eucalyptus and neem trees are effective against beetles (Rahman & Talukder 2006) . Plants derivatives used as insecticides have also been found to contain chemicals which prevent insects from developing resistance to them (Domfeh 2007) . There is a lower risk of famine that may be caused by insect infestations. Indigenous knowledge literature has shown that local crops are of medicinal value and have kept local communities healthy for generations (Shackleton & Campbell 2000) . To keep livestock healthy for milk and milk production, the Maasai in Kenya use a special method in testing for immunity in their local herds during rinderpest outbreaks affecting animals in neighbouring villages. They collect blood from infected animals and smear it on the nostrils of their own herd. Animals that survive after this is done develop an immunity to the disease and cannot be re-infected (Mwaura 2008) . Such local remedies highlight the importance of indigenous knowledge to agriculture and livestock production. Melchias (2001) (Eyong 2007; Nkuinkeu 1999) .
Indigenous knowledge in medicine

Indigenous knowledge in land and soil management
To manage the lands on which these important crops are planted, indigenous practices such as mixed cropping which preserves the fertility of soil to ensure availability of food, and minimal tillage which keeps top soil strong enough so as not to be washed away by flood water, are used by the local African people (Domfeh 2007; Mwaura 2008) . Mixed cropping systems allows for the planting of various types of crops in a particular portion of land -for example, planting maize with beans. Such symbiotic relationship increases the fertility of soil through nitrogen fixation and helps control weeds. It is also important to note that such an indigenous practice reduces the likelihood of the occurrence of famine that may result from the failure of one particular kind of crop due to diseases or other hazards -there would be a replacement crop available for consumption (Mwaura 2008) .
Indigenous knowledge in natural resource management
Conservation of natural resources to ensure sustainability is another area where indigenous knowledge is invaluable. In West Africa, traditional forest management techniques help with forest conservation. The conservation of indigenous animal species is of paramount importance to every community. Local hunters in Africa use indigenous knowledge to preserve species indigenous to their communities by avoiding pregnant and young animals when hunting for animals that are considered a delicacy in their different communities -this ensures continuity for such species (Eyong 2007) . Forests that are recognised as 'sacred' by the local communities are home to indigenous plant and animal species. As there is no disturbance from humans who revere such forests, these species are preserved. Such forests may be home to special plant and animal species that need continued biodiversity to survive. The forests are termed 'sacred' by the local communities because of religious or ancestral beliefs. The plants and animal species that make up such forests are indirectly protected from exploration, thereby giving them a lower chance of extinction. Local shrines are also a safe haven for indigenous flora and fauna (Eyong, Mufuaya & Foy 2004) . In Sudan, indigenous knowledge has been used for water conservation. Wells are http://www.jamba.org.za
Open Access dug using traditional techniques and water obtained from these wells is used by local families and also used for farming. These wells can reach a depth of 50 feet in some instances and are made using local tools. The wells go a long way in ensuring adequate and needed water supply (El Sammani & Dabloub 1996:30) .
Indigenous knowledge in disaster risk management
Local people in Nigeria have used indigenous plants to tackle bank and gully erosions. Abam (1993) carried out a study in the Niger Delta region of Nigeria, which led to the knowledge that river banks, where bamboo plants and raffia palms had been planted by local people, prevented the washing away of soil which causes bank erosions. These plants serve as current breakers for the water and over time, strengthen the materials that make up the river banks. Apart from their effectiveness against gully erosion, bamboo plants are also very valuable for controlling soil erosion and preventing landslides, due to their fibrous roots and rhizome system which hold soil together (Zhou et al. 2005) . In Swaziland, the presence of specific birds' species on trees can indicate the onset of the rainy season for the local people and floods can be predicted by how high birds build their nests from river surfaces (Domfeh 2007 ).
'Hard' or 'soft' technology for indigenous knowledge?
Indigenous knowledge provides a wealthy store of knowledge which can be applied to initiatives from small rural communities to national platforms. It is a vast system of knowledge that includes local technical knowledge, traditional environmental knowledge and 'science of the local people'. This knowledge has been shown to evolve with time and can grow or diminish, depending on the situation of a particular local community. Indigenous knowledge empowers local communities for their development and this empowerment is based on the application of appropriate technology in various contexts (Tharakan 2015) . The debate on what constitutes appropriate technology has been around for a long time (Rybcynzski 1991) but generally it could range from minimum capital to labour intensive initiatives, to large government-sponsored projects for local communities (Tharakan 2015) . The creativity of the human mind has enabled local communities to think about how to sustainably manage their environment and at the same time, ensure development. However, well-funded scientific development ideologies with goals usually profit-based, have threatened to eliminate this grassroots knowledge (Goonatilake 1984) . Appropriate technology has continued to enable local communities to provide themselves with the basic necessities of life. The technology can range from the use of trees in local communities for health purposes and the aforementioned Maasai method of checking for animals' immunity (Mwaura 2008) , to more advanced procedures such as acupuncture (Tharakan 2015) .
For the purpose of this article, appropriate technology can be categorised into soft and hard technology in an indigenous knowledge context. The application of local methods to solve local problems in the community can be called soft technology. Soft technologies, which in this sense are community-led disaster risk reduction (DRR) approaches, are critical to disaster management at the local level (Abam 1993; Domfeh 2007) . It involves the use of local laws and experiences to alter nature to promote human development and management of the society. It may not be presentable in a physical form, but would still be very influential for development. Hard technology on the other hand, is the application of knowledge derived from natural science that can be skilled into managing issues related to human development (Zhouying 2005) . In other words, hard technology takes ideas from soft technology and advances it into more physical forms (Bessant & Francis 2005; Zhouying 2005) . Bearing in mind the various types of indigenous knowledge practices that have been written about here, from the use of plant derivatives for insects' control (Mwaura 2008) to botanical gardens where indigenous plants are studied for use in Western medicine (Eyong 2007; Nkuinkeu 1999) , a scale of the relevance of indigenous knowledge as a source of appropriate technology for Africa's development can be drawn. This scale highlights the range of technology, from the most basic practices to the more sophisticated ones, obtainable from indigenous knowledge (Figure 1 ).
Community-led DRR approaches save lives. When the tsunami hit the coastlines of Asian countries in 2004, indigenous communities survived through their knowledge of the environment while tourists, who did not have such local knowledge, lost their lives. The Moken community living by the coast predicted the onset of the disaster through the unusual patterns in the weather -this knowledge they had gathered through stories in the local communities that had been passed down generations (Arunotai 2008:75) . The knowledge has ensured the adaptation of such coastal communities to an ever-present hazard. There is a need to advocate for adaptation strategies, rather than mitigation strategies in DRR. Local communities would continue to live in hazard-prone areas -like the Moken who live close to the ocean, the Javanese communities who live on the slopes of a volcano, due to their cultural beliefs and life patterns (Kulatunga 2011 ) and the people of Manjiya County in
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Uganda who live next to Mount Elgon, which is a basaltic volcano (Knapel et al. 2006) . A changing climate would always pose risks to such communities and make them constantly vulnerable (Kulatunga 2011) . Such communities need to stay safe in the face of constant, ever-present hazards.
Mitigation and adaptation strategies for disaster risk reduction
There is a link between adaptation due to a changing environment and disaster risk reduction, as many hazards that lead to disasters are products of the changing climate. Changes in weather patterns and environmental factors have led to increased vulnerability of communities to hazards (Birkmann & Von Teichman 2010) . The impacts are mostly felt in developing countries in Africa and Asia, as most of these countries lack the capacity to cope (Shaw, Pulhin & Pereira 2010) . Lack of resources in these developing countries mean that capacities to handle the effects of climate hazards are low (Laukkonen et al. 2009 Mitigation and adaptation had always been viewed as separate fields until recently. Both approaches integrated and working together lead to better outcomes for DRR (Nyong et al. 2007 ). The poor are usually the ones most vulnerable to the effects of climate change and a lack of capacity at the community level hinders successful integration of mitigation and adaptation strategies in developing African countries (Michaelowa 2001) . Despite these challenges, communities in these developing African countries continue to experience population boom and have survived for generations. Therefore, a necessary entry point to the mitigation or adaptation debate would be to understand how such local communities have used indigenous knowledge to cushion their vulnerability while adapting to the effects of climate change from the past (Nyong et al. 2007 ).
Pastoral farmers in Africa store away fodder as a part of their farming systems. They keep various varieties of herds with varying levels of tolerance to weather conditions. When drought occurs, local farmers rely on cattle for meat as there is less availability of fresh grass, while rearing goats and sheep for other products by feeding them fodder. Through this practice, there is an adaptation to the drought periods is made (Oba 1997) . On the other hand, mitigation strategies have helped in reducing emissions and carbon substitution (Nyong et al. 2007 ). Also in ensuring biodiversity, mitigation strategies are usually employed. The World Bank sponsors the development of gene banks for the preservation of local species to be used for breeding in the future. However, there is a need to preserve the indigenous knowledge needed to grow these species in future. Situations such as these highlight the need for development professionals who are more concerned with mitigation strategies, to work with indigenous farmers who usually practice adaptation strategies, to ensure a sustainable future. There is a need to integrate indigenous knowledge in mitigation plans for development, as this knowledge has helped local communities survive and adapt for generations (Nyong et al. 2007; Warren 1991) .
Focusing on the importance of adaptation strategies towards disaster risk reduction and sustainable development may begin to seem like a narrative; at this stage, it is important to highlight some examples of these local adaptation strategies in action -ironically pointed out by organisations that may employ mitigation strategies in their work on disaster risk reduction and sustainable development. When Cyclone Pam hit the southern hemisphere during 06-15 March 2015, it caused a lot of devastation and loss of lives. Tearfund, a non-profit organisation was on ground to help in the wake of the disaster. However, they realised that the number of fatalities related to the cyclone was low. In Vanuatu, even before the onset of the cyclone, a member of the community formed a group comprising of local teenage boys who prepared houses for the cyclone. This group continues to rebuild the houses affected by the cyclone to this day. Another resident of the community hid women and children in an empty baptism pool, with sufficient air and water supply to prevent them being killed by the cyclone. Even after the disaster, a woman in the community gathered unripe bananas which had been uprooted by the cyclone. Instead of allowing the bananas to rot, she used the barks to prepare a local delicacy for her family and provide food for people in the community (Barthow 2015) . This shows local adaptation strategies that local communities in that part of the world use in disaster risk reduction and sustainability. Going over the Red Cross/Red Crescent Societies' work on the issues of climate change, they highlighted the importance of indigenous early warning strategies that aided the evacuation of almost a million people in India before Cyclone Phailin hit India. However, in Africa, they mentioned various programs -W.M.O. programs, W.H.O. programs, and W.F.P. programs -aimed at disaster risk reduction. They say these programs are undertaken with a combination of expert knowledge and inputs from the local people. Such programs are funded and managed by developed countries (Red Cross/Red Crescent Climate Centre 2013). So why is this so? Why should solutions for disaster risk reduction come from initiatives from developed nations and not from the local people who are directly affected? Where is the local knowledge that had helped the forefathers of Africa survive disasters for centuries?
Inclusion of indigenous knowledge in disaster risk reduction in Africa: Challenges
Local communities have not always been helpless in the face of hazards and disasters before the advent of scientific knowledge; they have always had their own approaches towards disaster risk reduction using their indigenous knowledge . Unfortunately, this knowledge had been widely ignored in preference to scientific knowledge and as Ocholla and Onyancha (2005) noted, this may be as a result of politics as well as ignorance and particular ideologies from scientific knowledge. Scientific researchers are known to work with specific theories and assumptions which have been 'received' from previous experts in their various fields -some of these have been applied in the African context because they had attained credibility over the years (Leach & Mearns 1996) . However, some of these assumptions have a tendency to alienate other important questions which should be asked, dismissing important evidence of historical data from Africa. An example is the 'wood fuel crisis' theory which suggests that cutting of trees for local fuel is the main cause of deforestation in Africa -the fact that most wood used for fuel in Africa are obtained from land clearing for agricultural purposes is brushed aside (Leach & Mearns 1988 , 1996 . It is important to mention that some of these theories and assumptions were conceived during the period of African colonisation, when the idea of 'conserving the environment' was proposed. Such ideas were just used as a form of social control for the benefit of the settlers from Europe. This approach came to be known as colonial science (Fairhead & Leach 1996) and even though the proponents of these ideas had little evidence to support their arguments, these ideas became the guidelines used in agriculture, livestock and forestry management (Beinart 1984; Leach & Mearns 1996; Tiffen, Mortimore & Gichuki 1994) . These researchers failed to recognise the relevance of indigenous knowledge systems. Some of the approaches used by these researchers had previously portrayed African locals as agents of environmental change in a negative way, even though not directly (Leach & Mearns 1996) .
In the 70s and 80s, famines occurred in the Sahel region as a result of droughts, which ultimately led to the death of about a hundred thousand people due to hunger (Adepoju 2009:3) . The West portrayed this disaster as a product of harsh climatic conditions and locusts that ate up plantations. The foreign observers were quick to point out what was termed as 'inadequate farming practices' by local farmers in Africa leading to poor harvest. This idea of laying the blame on the local people can be traced back to the colonial period when the locals were accused of ignorance and neglecting their natural resources. To ensure that they manage their environment better, they had to be helped to become civil and modernised (Meier 2007 (Ocheni & Nwankwo 2012) . This is one of the reasons why indigenous knowledge is not used on a wider scale in Africa, as the advent of 'Western knowledge' in Africa took away indigenous forms of passing down knowledge through generations.
There is also the problem of documentation of indigenous knowledge. African indigenous knowledge tends to be imbedded in people's memories. It is usually passed down generations through stories told to the younger generation by elders in the local community. However, the newer generation is not interested in learning this knowledge as they are interested in 'modern' ways of life. The younger generations are not interested to learn because some believe indigenous knowledge is 'knowledge of the poor' (Dei 2000; Kgomotso 2012 ). Apart from the fact that African indigenous knowledge has not been well documented over time because custodians of this knowledge do not write down this knowledge to be handed to the younger generations, this knowledge also faces the challenge of globalisation as the environment changes every day. There is a breakdown in traditional communication channels and socio-economic imbalances -lifestyle changes and exposure for the younger generation due to global influence limit interaction with the older people in communities and such older people die without passing down the indigenous knowledge (Langill 1999) . This leads to greater difficulty as African libraries find it difficult to document this indigenous knowledge to be used for global development initiatives. Lack of funds, technological problems and a lack of specific frameworks from government aimed at harnessing this knowledge also lead to this decline in indigenous knowledge (Sithole 2007) . Applying methods which are not well documented in an area such as DRR would pose risks for development and disaster management experts, who would be sceptical to use ideas passed by word-of-mouth from the locals for development policies. This is why DRR policies and initiatives are still carried out using top-down approaches as development experts and even governments believe documented, tested and tried methods are safer to use in Africa. The problem here is that these ideas are usually obtained from different parts of the world and they may not be effectively applied in the African context, leading to failed projects (Swift 1996) .
Conclusion
People are increasingly vulnerable to climate-related hazards the world over. This vulnerability is not evenly distributed as people in less developed countries such as Africa and Asia suffer more human losses. This has led to the argument that disasters are not just a product of weather hazards, but also a product of long-term issues of underdevelopment (Yodmani 2001) . Disaster management experts have developed a number of mitigation approaches to help in reducing vulnerability of those most at risk from hazards, but the problem is that these approaches are championed by the top-class within the economy and have led to failures. There is a tendency to ignore the local people who are the ones most directly affected by these hazards. Now, people are beginning to advocate for the implementation of bottom-up approaches which enables local people to use their indigenous knowledge in developing DRR initiatives applicable to their situations (Smit & Wandel 2006; Yodmani 2001) . Mitigation strategies used by government and disaster management experts are not doing enough. They fail to recognise how the local community dynamics work. The community-led DRR adaptation initiatives are more suited to the African local people as they create platforms that enable engagement of like minds with shared values and shared knowledge. Locals feel a sense of security and communal belonging when sharing the same knowledge that is indigenous to their culture. This increases the chance of employing participatory approaches to tackle disasters. It has been shown that projects that create effective participation from members of the community yield the best long-term results (Nyong et al. 2007; Yodmani 2001) .
Local communities should be given the chance to determine their own destinies, to handle their own issues with their own adaptive methods (Sillitoe & Marzano 2008) . Local households had always found ways to adapt to their changing environments without the help of DRR experts. However, the focus of government on Western knowledge forms for DRR reduces the confidence of these local households when it comes to expressing adaptation strategies that had worked for them on a larger scale. Government should show more interest in African indigenous knowledge shared and implemented in the most basic form of community (the household unit). There is also a need to understand how these households relate with their environment. It has been shown that the constant interactions between people and their environment always lead to continuous changes in the ways these people relate with the environment (Sillitoe 1998) . Each change in climatic conditions leads to different adaptation patterns. Such adaptation has sustained day-to-day life in Africa. Relevant bodies and development initiatives should look to indigenous knowledge as a basic starting point in DRR policies especially at the local level. The knowledge provides the necessary grassroots information, from the historic and cultural contexts, which helps in understanding how things work at the local level -this creates better engagement with local people and better policies. Provisions for documentation of indigenous knowledge should be made in the DRR literature, enabling more researchers to work towards harnessing such knowledge.
